










Simulation of temperature  
and stress during and after  
RCC dams construction 
 
 
M. Cervera  
M. Goltz 
 


























































Simulation of temperature  
and stress during and after  







































INTERNATIONAL CENTER FOR NUMERICAL METHODS IN ENGINEERING 




















































INTERNACIONAL CENTER FOR NUMERICAL METHODS IN ENGINEERING 
Edificio C1, Campus Norte UPC 
Gran Capitán s/n 
08034 Barcelona, Spain 
www.cimne.upc.es 
 
First  edition: September 2003 
 
SIMULATION OF TEMPERATURE AND STRESS DURING AND AFTER RCC DAMS CONSTRUCTION 
Monograph CIMNE M76 











                   3
34 5&&                              4
 	   
43 !

                             6
433 %	 !

                  6
434 7
                         8
439 %	
 7	'                   8
44                              8
443 ,                          :
444 "




$                  <
446 =	 %
                      <
448 	
                     >
44: 	
$                        3?
44; $                          3?
   
93  "& 
 &	  %% 
	        33
94 % !                      38
943 *
 %
                  38
944 

 ,$	                 3:
949 
	                   3:
946 - ,
                        3;
948 ) 
 %
                   3<
94: &
                        4?
    
63                             43
64 	
 
&  %% 
	                44
69 	
  %
  %% 





$                         46
663   
 





$                       4<




$            4<
6:3 *
 %
                  4<
6:4 9 !                         4>
6:9 4 !                         4>
6:6 3 !                         9?
6:8 ,		
$                         93
 !""#" #	 $ %  & ''' 
83 	!





             99
834  *& "@
                96
839 	 
   % !         98
84  %& !                     9:
843 .$
 




 %                    9>
( !"#"   $   
:3 
 
	                             66
:33 *	$                         66
:34 !

                     6:
:39 %                    8?
:4  %
                          83
:43 A	
 !                     83
:44 		 
   
	 $       83
:49 
 	
                    89
:46 
$ % 
   -








$                   :9
:9 %  34 !                 :;
:93 %                    :;
:94 A	
 !                     :;
:99 	
 7




$                   :<
:98 B  ,
 















	 CD  % 
	         34
99 . 
 &	  %% 
	               39
96 %   .
 
	               38
98 

















 $        4:
64 %% 
 	
                    4<











   
 
$ 
   96
84 
 	   	 
&           6?
:3 
 %% 
	                         68
:4 
   
 E                6:
:9 ,  
 
	                      6;
:6 C









     	          6>
:: %    3                8?
:; !F 3  	                    84
:<    		 









$    	               88
:33 "&  	





$                 8:
:34 %	
   G 	   

	
                            8:
:39 		H C
D 984?8 CD 9:??8             8<
:36 		H C
D 9>4?: CD 6?<?8             :?
&
&
:38 "&  	




 9:? 	                      :3
:3: "&  	




 6?< 	                      :4
:3; ,	  &  G &
       :6
:3< -	  &  G &
       :8
:3> B   & G   &	  
                              ::
:4? -	  
 &                ::
:43 C
D	
 &  G &
 CD -
	 	
 &  G &
      :>
:44 C
D -	  &  G &
 CD
-	  
 &  G &
   ;3
:49 B  
 






 I%J      4;
64 K
$  
E	   G 	         94
69 		 	   G $  

$   94
83 ,	  
&
  	                  9:
:3 %

   
 
	                68
:4 %% 	'  
  
 
	               6:
:9 !

   
 
	                6<
:6 !

    	
 	
        6>
:8 !

    	

 	





 $  	  " 	 "-
   L !

   
 &M












$   &	M
 L %& C D M A	
/ 
 L %	&O 
	
M









  L O	&  (
 &
M





 L "'   &M





































  O	 M

























   !
' 	 M





  L =$  &$ C  DM
  L =$   B 	M 
 &$M
'
P L "'  &$M






 L # 
M
 L ,  "G&  M
P L 
 G&  &
 M
  L !M 
 	M
  L 
'
 	  !
' 	 M




  B 	 
 &
M




 P L (
 $
    
 M
QC D L 	 &
&  
M
 L 1 C D M
 L 1 C D M
C D C D L 
 M



























































    
  

 "&  
   
 		




	 $   
$  
  




































   	
$ 

  %% 




    
     
 $ 
  
  $ 
 
    	  
	

      
	 	
 '  
 
    &  	
 










   
 G 	 	

















   
    	
  
 
   
















   















    
  &	 7 
 	'$  
  %% 
	 
  & 
   
	  	










   	  

 %  A	
 !







 	     &
 


































$   
 
	 









  &F $ 	
  &

 7 	 	
    %% 
	 
&  
	 1  







& @ 	 	 4 	  
	   
  	$ 













	     	
 	




 4  9 	  	F 3 	 	
$  
 &$  





    
      
 	F 3 	 
 	






   		  
 
   
 %% 
	
   &

     
  	  
$




   &    
H
"    	

   %% 
  
"  & 
 		






   &
 
  %% 
	










    










"  & 













   














 %  C7%D F %% 
 R 	

 $  	
  
   
 
 
    	











G    &
 	
 














 G  %!% 
 %%   	' 
$ 
  	  
 C1, 7	$ %  "
C1,7%"D 3>>9D 
 
  		$ &
 
  &








































D  		$   %% 




  	   
   &	  	 	

$   
 	
   
 & 	 
   
 //















 	    
  







   
 






















5   	 	
 
  	  @
$ 
 	$
      
 
   












    	   	






 	$  $
 	
'		 /  






































 &    F 
 
 
$ @	 %% 

 		







   
 
& 
   
    

 %% 



















$ @  %% 

 &
   
  






	'     
$ %%

	     
	' 
 &  F  '
 





 	  
$ 
 
   
 
    
 







  %% 
 
&  




	     






   
 %% 
 	




   G ' $ 
 
$  
 	    
  
   %% G  &    







,   %% 
 






 	  %% G 	



















 %% ( 
 $  	' 	
 
  N   %% 
  	 
 3 8S 
 & (&
 
 &   	 	
 
   
 9?S  
  4?S 
 & 
  
    <?S C2


3>:?D  	 N 
 %% 	'   	
  	 $ 

 	 	
   
 











  %% 










   
 













    	 






$     
    	

   
 
  








 	   

$   E 

 






  E   $  %% 	'
 
 
  $   
$ 
   %% 	' 


   
@
 









    

   






	  & 
% 
"
7  %!% 	&    
 
 






     
 
$   
$

    
    
$  
 
   %	&  
  	
  
 	 	' &

$  F	 
&	   
 
  



















$  	&  
 	 : > !"#  &
4; : !"# 
 3$
 
 ! %% E 




 	&   39 < 
















   
   	











     
  	&
    $ &
   	    
 &

  $ 
 	
'		 /  

  
   














  %% 
  %!%  .
   
   E   











$     








 &   E
$ @  
    	
 
 @  
 
  
  E  	
   







$  &  
  F 
$ 
 
   

&& 3 1
#	   
$  
 




   
 
 














   %!%
	
$    %% !  
$  %!%  

















&  $ 
 %%    &$   
 
 














   
-  	'  
$   	
 	    
14 
# 
  F 
  
   





 	$   # 
  %%  

	 




  ? 3; 

? 44




$ C,%D   












 $ &	 


















  $  & 

 D 
  $ 












   C. 3>;:D ,%  	
 








   	
  
   
 	
 
   	  A	
 
 
















  & 	
$ $  




   






  %!%     
    	'
 G  $ 
 
 




        
$ 	
















  &	      $
   	
	

    
   	  $ 
&	 
      
 
 	






   	
$ 




 	    
   	' 
 




  & 








 $	  
 $	   







     
 
	
     
  $




    	
  





$  &$ 
 	
   	
 
 
   	
  
 








   	







   & 
 &
$ F





 	 33  3> 
 8 
$





   
	  





   
G $ 	
 
    
	
  







 	 ? ;8  3 3; 
$C
%  &D 
!" 	%
	
 &$  
 	
   
$     

 









   

 
     
  G  	

   
 (  	
 &$  

 	
   	





    F
$ 
G $ 













 	 3 ;9  9 6: 'C  &D 
!" 	7%
	
 G&$  
 	










  F 
  	
 &$ &
$    F 
 
   ( 	
  	









 B $ 

 $ 
  $ 	
 G&$ 










 	 ? ??9  ? ??: ( 
&&( 1$
	
$   %% 	
 





 %%   	
$  %%  
$
 $ 	'  
	 	   
	
   
 
    	


















 N$ F 
 & 
 
  $   
  
 $






  	 	





 %% 	' $
$ 
 	 3 8









    
  	'  
   
 
$ 
&   
  	      

 $ 	 
  &
$  	












  $  %% 







   	
$ %%
	'   













& !" 3% 	 %  

1 3>8? 
 9<S   
 
	 '  %
 
  
    3>83 




 			  3:S     3>;< 
 3><4
 
    










	&   	 
&













   
 :? $
  	 
 




   
 9? $






&  	  	   
$
  





&    &	  %% 
	
 
   %% 

     "
 






F   3>;?


   
 R 5		 *
&$ 
	R   
      















   &	   %% 
	 C.

4???D   
 F   

 &  3>;6   
 39 ;  
	   
 C ( 93D 


    	   ' B 
 	 98? ???
   	 %%  
  64  









 F %% 
	 






 	   





      











      
  84  
 % 
	 C( 94C*DD  1,7 	  3><4  
   E 
 @ G     
1,7   	  %% 
	 E     	

	 

























 	 F    
	 
  %%
(  F  $
  %% 
	  
    3>>6 

&
 /  
 
	  	   
  	  
&










 &	  3?? ???  
 4?? ???  C (
99D  
   3>>8 
  	   N F
 
  /  %% 





















































   

  %  









   % $ C
 3>>>D  


















$ 	  1 ,
 
	
C1,7D   F 
 











%% &	  3 348 ???     %% 









   , 3>>8   @ 		 
 








   /    
&
   %%

	 	  4???  
 <?  
  
&
 &	  %%
  
	 6>3 ???   
&
    %% 
	 
 
  <8  
  
&





D      %% 
	 














   
& 
   43;  


 %% &	  ; 8?? ???    E     
 

  $  /  
	 
 








   	    %%














/  3>>4 
      
	  	
 	   
  &








































 - 3>>4D 3??8 S
 	 
  	   %% 	'   	
   

   	
 
    
$  
/  




    //




  88  <? 
%  	 





   % 	   
   
$
	 
  	   34?  39? 
% 	
 C  'H %$
 
	  
 	  
33? 
%D       
	   
  
     	 
 //
  39? 
% 	'
  >3 
% 	 
 9> 




% 	'   >:  <6 
% 	 




   43? %% 
	  









	  %% 	  


   $   
	 5  





	   , 7
 












	   
 8?   2 
	 C, 7
D 	  3><< 
 
;?   
 
	 C, 7
D 	  3><> 
  F








  	 	
  @	   E

  &  
	  
 $	   E
 
 
  F  

 





   $ & 
 E
    




	   
& 
 E .    
 
	   
 












	 $     









   
 





















  %% 
	  
    %% G
	






   $ 
  & &
 	  
 








	   98   G
	  
 %% &	 
44? ???  
 
   












   
 
&  	 
  	 
&

 	   	 
$  
 
	 5   
& 


















   '&  %% 	  
  






  	  
	  







 &      	
 








    	
   %%  
 &





 	' %%  
   
	 









$   
  




   
	    

 $	  $
   &	      






$  @    

   &$   

   
	 C1,


















     F
 	








 3? ???    
	 %% 
	 




  %%  




&$  ( 98  %%  




5  %% 
  
   
	 

   


 & $ / -  
 &




	  9??  




  %%  







     
	    
	
	 	
 /  $  
 
 





   /   	
  %%   
$
	$ 
 $  




    
 	 7





   %% 7
 
$  %% 


   F















 	   





















 	   
 
 $ 	 

	   '  





        &
 	
  	




- E  /




 & %%   
 	   E  
 %%
   


   &)

	 
	  	 ( 	( 

 	   




    
 
  





   %% 
 
   
   E
   
 
   E 
 
	 
   @  
 
    ,


  E 
















$   
  '  
 
   

$ 






  E 







  E   E 

$ 




     
M 
 E    F  
 
 
  E C!
+








  $   	 

	
   &  '  "&	









        E  
   	  
  
  












 :??  <??  	    
 

 E C  
 	 	'D C,
 3>>>D =
 
E   
	   %%     

    	
%%  E @ 
 




   &  $
  E 
	  
 
   
 





  $ 




	  	& 
 ' 
 
   












  '   %%
















	  %!%  $   
&   
 %% 
	    
	




   %%  
     
   F %% 
	    &


















$    






















 '   
	 
 
 	  
 & &

    F
 
 @ 









& E  
	   %%
  	
$ 




 	 $    
   




       	




















   




  E 







 	 4?  9?  ( 9;  


 E  

&&( %
8 "	  
  










&   '&$ $ A  
 36 
 $  
	 
 
&  /  %% 
	 
C.
 4???D  $	 
 
     
 ' 
	 &
    
   	 
 
  %%  &
    
















   

















 G  

   	 
 
   %% 	' $ F 	
 
  














 	   	





$ 	 C,-!D  
 
$  	&   
&  $ 		/  	  
  &  &  

  &
$  	 	  








	  9   &
  
  
   3?+ H 3, 
 3?+ H 3, $   
 
 
'      %%  
  
& 	& 
    








  	' 
 















&     













343   .
 
	  7




 69 7  >3  1 ,
 
	
 1,7 C%% &	 L 3348??? D 






 C%% &	 L 4<??? D  
 	
  
98     7  339  
 
	  % C%%
&	 L ::???? D   39 	  %% 
	  

669:   
 C  	    939?  

   
	 D    	  :? 
 
 




























    	   












 7+ 3>>3D  
 
 
 4?  48S   
	





 &  	
  
 %% 
	   	 

  




D     	'
9   
43
 	 
   
   
& 	
$  






  $   %% 	'  

 
	    
&
























& !" ."%   
.$
    
 $ '	





    
 A&  

  
 	  &







  %% 







   
 	
 1 	
  	 






    
 7  	
  
   
     '
 7  
	 	
 

















    
 

 	 &    
   & 

 









       & 
 
    
   	





   5& 
   &
















 $   	




 G    &












   C%&
   4???
D 7
  & 
     '   


$       

 
   
& 	
  






    
$     
 















.&   




   
EM   @ 	     	
 
(
$  %% 





     H
3  
	    
  











  	 	
 
   
	 $
5 	
   	
 
   	 
















     $  












   
$ 
 







   $ 	

  
	    $  
  &	 

   
$  
  















  $ 
       








  	 $  




  CD 
 $  
  
   








   
   
 
































   &  
  
























   




   	
 





















  	 	
  $ 
 
  	 
$  	
 




   	
     
	
     &     	

  	 
 	
  $ 
 





	   
 




   $
    	
F
  	
   





















   
  


















 E     	  

  

























 @    
   &
	
  
    	$     
      











   



























$ 	' 	 		  
 ("
	
&&  1 	 1














   




   
$ " 	



























  	 








































 	  
  
    

   	
  	
  	 
   &$
;:   &
 










$  C1, 7	$ %






























   
   
     '	

	 	


















 $  	








  4<  	









































  ?8  3? 
  


















$    , 44
 	 











































Normal annual temperature cycle
Extreme annual temperature cycle
Average annual temperature










G   
$ 
 %% 







"& ,  
 B   
 	
  &$ 

  @
   
 	 
     
   
 	




   	


& 5   
 		$     %% 
	
C'   % 






*  &  	   




 G   	
 	




   
   &   	 












      
	    &
  
	
    






   
  &   
	 	

   	 	
     	



















    	










   


























































































 0 2% 2$ "6
"43C  	






































 	  

  %% 

	





 	F $ 
	 	
 G   C1, 7	$ %  "
 C1,7%"D 3>>;D  




   

  C





















 	' $ 
 ,	
$ %%  	

 

















 	  G
 	












     %% 
 	

  	&  	   $





















































































  	 
   	  	
 





	   	
 
 











  	   N 
'
  	











%  " C1,7%"D 3>>;D
7 	 






$     
	




   
	
$  
 $  
 	  
  
 
&   	

   
  	  

$ 
    	 
  	





 	   
  	 &
 
   









   





$   	










   
  
   &






 @   	
   F
  

	   		    
 
@
  7 &
$
	   
 @   	 
  	  

&






   	  
 

 $  	
.$






   F 46    
  
   
 
  	 7  
 










 	  
&    
 
$ 
    


 	  
      	     

   
  	  
  
















 	    











   
 














  	 / 










   	




& 	 &  
	   
 	
 	
   &

  	





 B'  
	 /   	F

 	 
   	
 	 	  	









$ 7  @ %1 	   	  

 
  	  	  	
  	
 	











  	&   	





























 	  












   
 

















7	$ %  " C1,7%"D 3>>6D  	
   
	
 
 	  
   
	 
 $		$ '
     
 
     
  
	
 $  1,7%" 
  











 	      
& 	  	
$
  $ 
E  	
 &$  G 	 
&(&  #	




     

%% 
	   
 '





   
   
 
   

	
 	  N  	  &  	









7   	      
	 ( 69  




	  /   	 
 &




   








 	$  	
 	 
   	


 	  	
 
 
 	    $ 







	      	 

$ 
  $  	  





















566 elements – [1.00mx0.15m]
1134 nodes
* Idealized presentation – actual strip model is oriented
vertically with fixed dimensions.
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